Abstract. Wakefulness, rapid eye movement (REM) and non-REM sleep are not always mutually exclusive conditions, as commonly assumed. In some cases, the declaration of any state may be incomplete and states can fluctuate rapidly, resulting in peculiar behavioural syndromes such as narcolepsy, REM sleep behaviour disorder and status dissociatus. We briefly introduce this topic and discuss three suggestive clinical cases.
Introduction
Three states of being can be recognised: wakefulness, rapid eye movements (REM) sleep, and non-REM (NREM) sleep; each of them has its own neuroanatomic, neurophysiologic and neurochemical substrates [25] .
In the same sleep cycle, subsequent stages of NREM sleep are characterized by progressively slower frequencies and higher voltage activities and correspond to progressively deeper states of sleep. Stage 1 is light sleep where people drift in and out of sleep and can be awakened easily; in this stage, the eyes move slowly and muscle activity slows down. During this stage, many people experience sudden muscle contractions preceded by a sensation of falling (hypnagogic phenomena). In stage 2, eye movements stop and brain waves become slower with only occasional bursts of rapid potentials. In this stage it is possible to observe spindles (12) (13) (14) (15) (16) Hz waves that usually last for 0.5 to 1.5 seconds) and K-complexes (brief high-voltage peaks, usually greater than 100 µV, that last for more than 0.5 seconds). During the last stage of NREM sleep, also called slow-wave sleep (SWS) because of the highvoltage and slow-frequency electroencephalographic (EEG) signal, the muscles are relaxed, heart rate and blood pressure decline and gastrointestinal motility increases. Ideally, approximately 90 minutes after sleep onset, several physiological changes occur. The EEG becomes desynchronized, showing a low-voltage, fastactivity pattern similar, even if not identical, to that of the waking state. This brain pattern is coupled with almost complete loss of muscle tone. Body temperature suddenly begins to change in the direction of the environmental temperature and pupils become myotic because of a broad suppression of sympathetic activity. Reduced homeostasis is also a fundamental property of this sleep stage. There is an association between the desynchronized EEG and the presence of rapid eye movements monitored by electrooculogram (EOG) [8] . This active sleep stage has consequently been called REM sleep. Finally, most subjects awakened from REM sleep readily recall dreaming [25] .
During a typical night sleep, the normal adult individual alternates between periods of NREM sleep and REM sleep, with REM stages recurring at somewhat regular intervals four to six times each night. In total, REM sleep occupies approximately 20-25% of the sleep time of young adults. NREM sleep stage 2 occupies about one-half of total sleep time, while SWS about 15% [18] .
When behavioural, polygraphic and cellular variables occur in substantial synchronization, a state, as described above, becomes fully declared. Nevertheless, these conditions are not always mutually exclusive [30, 31, 33, 35] .
Evidence for only partly defined or mixed states of being is available both from animal experimentation [7, 9, 11, 19, 20, 24, 38, 40, 60, 61] and from human clinical studies [30] .
Furthermore, numerous studies have replicated the finding of mentation not only in REM, but also in NREM sleep. About 50% of subjects appear to have noticeable degraded recall of mentation from NREM sleep [14, 49, 53] . Two different theoretical models have been proposed to account for this finding: a onegenerator model, in which mentation is generated by a single set of processes regardless of physiological differences between REM and NREM sleep [1, 10] and a two-generator model, in which qualitatively different generators produce cognitive activity in two states [6, 21, 22, 55] . One possible reconciliation theory taking into account both the one-and the two-generator models, is that sleep mentation is tightly coupled to REM sleep processes, but that some of these processes under certain circumstances may dissociate from REM sleep and stimulate mentation in NREM sleep in a covert fashion [46] . "Covert" REM sleep is thus defined to be "any episode of NREM sleep for which some REM sleep processes are present, but for which REM sleep cannot be scored with standard criteria" [46] . Covert REM sleep is suggested by the concept of "intermediate sleep" introduced by Lairy et al. [26] who were among the first to identify atypical mixtures of REM/NREM in human subjects. Their notion of "intermediate sleep" was of a sleep that typically arises between REM and NREM sleep episodes but that consists of elements of both.
According to Mahowald and Schenck [30, 31] We describe the behavioural and neurophysiologic aspects of three patients with state dissociation.
Case reports

Case 1: Two state boundary dyscontrol conditions may overlap
A 24-year-old man was referred to the sleep clinic for evaluation of a 7-year history of progressively severe, inappropriate excessive daytime sleepiness. His past clinical history was uneventful. The physical examination was normal. The patient was drug-free at the time of our first evaluation and had never been previously treated with antidepressant. Genotyping was positive for HLA-DQB1*0602 allele.
Behavioural and neurophysiologic features
He stated he could fall asleep any time, also in inappropriate circumstances and places. His attacks of irresistible desire to sleep usually occurred suddenly and were of brief duration. A sudden loss of postural tone with the risk to crumple to the ground was also reported. Emotion, laughter or crying, could precipitate an attack. Vivid dreams or hallucinations occurred as the patient fell asleep or, occasionally, when apparently awake. On awakening, he was unable to move for 2-3 minutes. In association to this clinical context, clearly resembling that firstly described by Gélineau [15] , there was the presenting complaint of some vigorous sleep behaviours such as throwing punches and displaying nonsense vocalizations.
The cognitive status was normal; his Epworth sleepiness scale score [45] was 17/24. A multiple sleep laten- cy test [52] was consistent with narcolepsy (mean sleep latency = 4.8 min and 3 out of 4 sessions characterized by sleep-onset REM periods). The patient underwent polysomnography ( Fig. 1 ) that revealed intense phasic and tonic muscle activity (chin and posterior tibialis) during REM periods accompanied by limb movements resembling REM sleep without atonia as usually seen in REM sleep behaviour disorder (RBD), as described by Schenck et al. [54] . Table 1 reports the sleep scoring parameters obtained in this patient which show the typical features of nocturnal sleep of narcolepsy (i.e. short sleep latency, short REM sleep latency, and increased sleep fragmentation, as indicated by the high number of stage shifts and wakenings).
Case 2: Fatal Familial Insomnia . . . "to chase sleep away"
The patient was a 63-year-old woman with sleep and behavioural features, family history, genetic pattern of Fatal Familial Insomnia (FFI) as reported previously [28, 42] . A pathological verification was also performed after 14 months of clinical course that led her to death in a state of akinetic mutism and emaciation. Methods and clinical history are described in details in Raggi et al. [51] .
Behavioural and neurophysiologic features
She started her clinical course with developing visual fatigue and after a few weeks she began presenting personality changes such as apathy, disinterest and depression. She was no longer able to nap or to fall asleep at night. She looked somnolent and perplexed during the daytime. She showed defective language comprehension and was constantly inattentive, slovenly, shy, fearful and perplexed. She was in a clouded state, apathetic with delayed responses. She followed the movements with her gaze or looked around as if she was searching for something that, very often, she tried to reach or touch with her hands.
During the months of the disease course, the patient developed a progressive motor impairment, consisting of spontaneous myoclonic bursts, dysmetria and disequilibrium. She had frequent episodes of dream enact- ment, whereby she displayed complex jerk-like movements, presumably mimicking the content of dreams. These oneiric stupor episodes occurred more often with open eyes. With progression of the disease, the patient became more and more confused, alternating between wakefulness and oneiric confusional states.
The electroencephalogram (EEG) showed global slowing of the cerebral electrical activity without lateralisation signs.
A video-polysomnographic study did not show any stage of stable sleep, but only short episodes (10-30 seconds) of EEG slowing associated, in some instances, with chin EMG atonia and phasic EMG activity recorded at the level of the tibialis anterior muscles (Fig. 2) .
Total sleep time was 44 minutes, with 35 minutes in stage 1 and 6 minutes in slower NREM sleep. Episodes of possible REM sleep amounted to 3 minutes. The video showed also phases of gestural activity of the upper limbs and phasic activity of the lower limbs.
The wakefulness and sleep cycle were assessed by actigraphy for 5 nights. A virtual absence of sleep during the second night, and reduced duration (with relevant motor activity) in the other 4 nights were observed.
Case 3: Mulvihill-Smith syndrome, a clinical condition where agrypnia excitata occurs
The patient was a 25-year-old woman when evaluated by our team for the first time. She was without a family history for any behavioural neither sleep disturbances. She had a history of growth delay, relapsing respiratory system infections, pigmented lesions affecting trunks and limbs, bilateral sensory neural hearing impairment, squamous cell carcinoma of the tongue, premature menopause in accordance with a clinical phenotype of Mulvihill-Smith syndrome [2, 44, 63] . Further details of this case and of instrumental procedures have been described previously [12] .
Behavioural and neurophysiologic features
The patient was not well oriented in time, her gait was slightly ataxic and a fine postural tremor of both hands was also observed.
Neuropsychological testing disclosed the presence of mild cognitive impairment: a score of 20 (normal values 24) was obtained at the Mini Mental State Evaluation [13] and of 56 at the Wechsler Adult Intelligence Scale-Revised Performance [62] . Mood was constantly depressed.
The clinical picture continued to worsen progressively and the patient used to show daytime fluctuations of her level of confusion and alertness with visual hallucinations. She died at the age of 26 years in a state of emaciation.
Routine EEG was uninformative because of the poor collaboration of the patient.
Two overnight video-polysomnographic recordings showed the absence of clear sleep episodes. The pa-tient used to spend most of the time with closed eyes, desyncronized EEG activity, presence of eye movement similar to those recorded during wakefulness, irregular breathing, heart arrhythmia ( Fig. 3A) and afinalistic movements of the upper limbs and hands which often simulated the movements needed to button up a shirt. More rarely, some short episodes were noticed, lasting for approximately 1 minute, which were characterized by some slow-wave mixed with desynchronised EEG activity, low chin muscle tone, presence of slow eye movements, heart arrhythmia, regular breathing (Fig. 3B) and absence of motor activity at the four limbs, during which the patient seemed to have poor contact with the environment. Finally, other fragments were characterised by the presence of a periodic respiratory pattern consistent with the regular occurrence of central apnea episodes, heart rate arrhythmia, desynchronised EEG activity, high chin muscle tone and presence of rapid eye movements (Fig. 3C ). During these episodes the patient showed stereotyped afinalistic movements of the upper limbs and hands.
The patient seemed to have mentation associated with the motor activity during sleep; however she was not able to describe it accurately because of her compromised cognition and her speech deficit due to the tongue postsurgical state. Also the words pronounced during sleep were not completely intelligible.
Discussion
The first case had a clinical diagnosis of both narcolepsy with the characteristic tetrad (sleep attacks, cataplexy, sleep paralysis, hypnagogic hallucinations) and RBD.
The study of narcolepsy has been instrumental along the years in promoting the concept of state dissociation: the attacks represent a clear intrusion of REM sleep into wakefulness; the paralysis in morning is when the REM atonia persists after awakening (many children showing this phenomenon in normal/non pathological conditions are "blamed" by their parents that they do not want get up to go to school).
Narcolepsy has a clear genetic component: in fact over 90% of patients carry the HLA-DQB1*0602 allele. Despite a genetic component, the risk of a firstdegree relative developing narcolepsy is only 1-2%, therefore the genetic component is neither necessary nor sufficient to cause the disease [3, 39] . From the animal experiments it was possible to identify the relationship between hypocretin-1 or orexin (a neuropeptide confined to a small number of cells in the hypothalamus) and narcolepsy. It seems that patients with narcolepsy have lost the hypocretin-producing cells, possibly trough an immune-mediate mechanism [57] . This peptide has an excitatory influence on the histaminenergic, monoaminenergic, cholinenergic systems in the brainstem and diencephalon. Consequently, the lack of the excitatory influence may cause a reduction of the thalamo-cortical arousal [48] and therefore an irresistible need to fall asleep.
RBD is a parasomnia predicted by animal experiments long time ago [24] . The typical complaint of a patient with RBD is violent dream-enacting behaviour that is potentially injurious to the individual or bed partner. These behaviors include talking, yelling, swearing, punching, kicking, jumping, or running out of the bed. The violence of the sleep behaviors is often discordant with waking personality. Some patients adopt extraordinary measures to avoid injury, such us putting mattresses on the floor and removing any furniture from the bedroom.
There are acute and chronic forms of RBD. The acute form is almost always induced by medications (monoamine oxidase inhibitors, tryciclic antidepressants, SSRIs, venlafaxine) or associated with alcohol, barbiturate, meprobamate withdrawal [35] . The chronic form of RBD is usually either idiopathic or associated with neurological disorders. There is growing evidence of its association with neurodegenerative disorders, particularly the synucleinopathies. RBD represents, in many cases, the first manifestation of these conditions. RBD, in fact, may precede any other clinical manifestation of the synucleinopathies by more than ten years [4] .
In man the structure analogous to the subcoeruleus region of cat [24] and sublaterodorsal nucleus of rat [27] is proposed to be the nucleus (and its associated efferent and afferent pathways) crucial to RBD pathophysiology [5] . When its inhibitory function on the magnocellular reticular formation, which is responsible for normal skeletal muscle atonia during REM sleep, is compromised, prominent motor activity accompanies dreaming permitting the acting-out of dream mentation [35] .
Both narcolepsy and RBD represent state boundary dyscontrol conditions [35] , therefore it should be no surprise that there is a high incidence of RBD in patients with narcolepsy [47] . So it was in the case described here.
The second patient described had a clinical diagnosis of FFI. Imaging and pathological studies showed A B C Fig. 3. Patient 3. A. Polysomnographic recording showing desynchronized EEG activity, presence of eye movements similar to wakefulness, irregular breathing, heart arrhythmia. B. Desynchronized EEG activity with mixed slow waves, low chin muscle tone, slow eye movements, heart arrhythmia and regular breathing. C. Periodic respiratory pattern characterized by recurrent central apnoea episodes, heart arrhythmia, desynchronized EEG activity, high chin muscle tone and presence of rapid eye movements. prominent thalamus pathology. The patient appeared to be either awake or in NREM sleep. She used to experience vivid dreaming (REM sleep phenomenon) and to display frequent muscular twitching (REM sleep phenomenon), and yet she had no polygraphic features of either REM or NREM sleep.
The thalamus plays a fundamental role in SWS generation [23] . The dorsomedial (DM) and anterior (A) thalamic nuclei are interposed in the circuitry connecting the limbic areas to the hypothalamus and the basal forebrain. The DM nucleus represents an intermediate station in the trans-basal ganglionic circuit of the limbic system linking the ventral striatum and pallidum with the prefrontal cortex. Studies in the cat demonstrate that the DM nucleus receives inputs, with direct GABAergic projections, from the hypothalamus [17] and the basal forebrain [59] . Moreover, the medial thalamus contributes in setting the sympathetic tone via hypothalamic neurons [42] . In fact, bicuculline injections in the DM cause hypertension and tachycardia through removal of GABAergic inhibition, reproducing some autonomic features of FFI [56] .
Clinical and neurophysiologic patterns similar to those described in this case can be seen in Morvan's disease and in delirium tremens, which combine lack of NREM, especially SWS, with oneirism, prominent autonomic activation and severe motor agitation [50] . Both conditions are characterised, as FFI, by thalamic involvement. The term Agrypnia Excitata has been suggested [29, 43] to account for the association of SWS loss (agrypnia that means to chase sleep away) and abnormal REM sleep (excitata). The abnormalities of this condition seem to be underscored by dysfunctions within the thalamo-limbic circuits [58] . Moreover, Agrypnia Excitata may also be categorized as a particular instance within the broader concept of Status Dissociatus, as primarily defined by the presence of ambiguous, multiple, rapid oscillation of state-determining variables [30, 31] . In FFI the appetite for sleep is preserved, but true sleep cannot be consumed, and intrusions of REM sleep, which seems to be indispensable for the organism survival, are responsible for the behavioural manifestations of vivid dreams and oneirism.
The third report concerns a Mulvihill-Smith syndrome.
Since its recognition by Mulvihill and Smith [44] , nine patients have been reported, but only in two cases sleep features have been studied [12, 63] . The sleep abnormalities shown by the two patients are similar to those reported in FFI, Morvan's chorea and delirium tremens. There is almost complete lack of sleep lasting for weeks or months, absence of sleep spindles and K-complexes, complete loss of SWS, absence of muscle atonia during REM sleep.
The same authors reporting sleep disturbances in Mulvihill-Smith syndrome have described the presence of hallucinations in their patients. We cannot exclude that psychotic symptoms may represent, in this context, the intrusion of REM sleep into wakefulness.
Thus, it seems to be plausible that also this rare syndrome might be consequent to a severe and progressive dysfunction of the thalamo-limbic system, although pathological verifications are not available yet.
Conclusion
Also in physiologic conditions, mentation seems to be proper not only of wakefulness, as obvious, and of REM sleep, as it is known since the end of the Fiftieths, but also in NREM sleep. Other circumstances of overlap between states of being are present in nature both as physiologic and pathologic manifestations. The stateboundary dyscontrol becomes evident in some peculiar syndromes such as narcolepsy, RBD, status dissociatus and the most disrupted condition of it, named agrypnia excitata, which characterises the behavioural signs and symptoms of FFI, Mulvihill-Smith syndrome, as described above, and of Morvan's fibrillary chorea and delirium tremens.
Nevertheless, it must be underlined that isolated and often bizarre sleep-related events may occur also in healthy people without need of extensive investigations. Attention must instead be paid for those cases that, because of violent behaviours acted-out, could have forensic implications as profusely debated in the literature [16, 32, 34, 36, 37, 41] .
